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a rtMTber of axial, toroidal or heicaJ tubules which are at 
least partty deformed in response to deformation o< the 



tube in radial and/or axial directions. 



< 

s 

CO 
CM 

o 
a 

UJ 




PmnooyXNt»(UK) 

2. it rot 



1 



EP0952 305A1 



2 



Description 

BKtePtf&fltJbfl mention 

[0001] The invention relates to a deformable tube. 
[0002] fc te known from US patent specifications bios. 
3,353.599 and 5,014,779 to insert a corrugated tube 
into the weKxxe of an underground borehole and to 
expand the tube downhote into a tubular shape. 
[0003] US patent specffcation No. 5.366,012 dfe- 10 
doses the expansion of a slotted pipe of which the slots 
open up as a result of the expansion so as to reduce the 
radial farces needed to expand the pipe. 
[0004] The use of slotted or Wtialy corrugated pipes 
has the olsadvantage toat the expanded pipes have a is 
Kmced mechanical strength. 
[0005] imer national patent applcalkw. pubflcatton r4a 
WO 96*0626 rJedoses the expansion of an unctottad 
cyfndncal pipe by means of an ejqwskxi rrwndrel. 
[0006] AolsaoVantage of the latter expaiision method to 
is turt farces to expand the pipe are retetrvery high and 
that the ppe contracts as a result of the expansion proc- 
ess. 

[0007] It is an cbjed of trie presort inv^^ 
ate the dfeadvarrtages of the known techniques and to 25 
provide a robust and deforrnabte tube which can be 
expanded or otherwise detormed by using a relatively 
low deformation farce. 

^MWMfvnfmelnvefaion 30 

[0000] The detormable tube according to the invention 
thereto cornprises a wal which is at least rjartly formed 
by a number of tubules, wherein at least one tubule is at 
least partly deformed in response to o^fonnation of the * 
tube. 

[0009] The deformation may involve fattt^^ 
change of the tubular shape of the aixies. which 
requires principaly bencfing forces which are signirV 
canUy tower than the tension forces that are required to « 
expand a tubular cyandrical pipe. 
[0010] It may be required to obtain a tube which can 
be deformed eastty in an axial or in a radial Direction or 
inbotodkectaK.Aradia^ 
toetubeistorexafipletobtusedasanoi 
production tubing which la to be irawrtedirao a relatively 
narrow and Regularly shaped ijndenjround weaoora 
An axialry deformable tube is useU^ 
auction in er or tubing, a wal casino or other well tubuter 
which » totalled In a compacting reservoir where there so 
is a risk of bucking of the wal tubutars as a result of the 
compaction process. 

raoil] Haraolallydeferrnable tube is required rttspr^ 
ferred that the wal of toe tube is at toast reformed 
by aseries of ajoai tubules which eacn^ « 
tion substantially parallel to a tongitodtoal axis of the 
tube such that upon a radW deformato> of toe tube the 
axial tubules are at least partly deformed. 



[0012] If an axtafly deforrnabte tube is required it is 
preferred toattoewalloftoetubeisatleast partly 
formed by a sen'** of toro«daJ tubules which extend in a 
substantially circular direction around a longrturJnaJ axis 
of the tube such that upon axial deformation of t» tube 
the toroidal tubules are at least partly flattened or other- 
wise deformed. 

[0013] H a tube is required which is both axialy and 
radially deforrnabte, it is preferred that the wal of the 
lube Is at least partly formed by one or more heBcal 
tubules which extend in a substantialy helical direction 
with respact to a IcngitudtoeJ axis of the tube such that 
upon deformation of the tube in a oVection which is ori- 
ented at an angle relative to a longitudinal direction of 
each of tie helical tubules, at least one of the rteCcal 
tubUes is deformed. 

[0014] The tubutos may be made of a metal, plastic 
rubber or other material and may be welded, brazed, 
bonded or otherwise secured to adjacent MxJes or 
other pans of the wall of the tube. 
10015) The tubules may before expansion have a 
foWed, cyfindrk^ effiptW 

as a result of the expansion be unfolded or flattened into 
an e«ptical. c^indrical or prismatic shape 
[0016] Suitably, the tubules contain at the outer 
periphery of the tube openings or weak spots which 
open up as a result of the deformation process such that 
one or more fluids are squeezed from the interior of the 
tubules into the space sunounolng the tube. 
[0017] In that case the fluids that are squeezed from 
the interior of the tubules may contain one or more 
chemicals, such as a chemical treatment fluid or com- 
ponents of a liquid cement slurry or cornponents of a 
curing agent which cornponents are only mixed when 
or after toey have been squeezed out of the tubules. 

Briafrifliaafat iPP^fh^^ 

[0018] The Invention wil be described In more detail 
and by way of example with reference to toe accornpa- 
nyirKloYawtogs, in which 

Fig. 1 1s a cross-axial sectional view of a tube both 
before and after expansion, which tube has a waH 
that is made of a series of axial tubules which are 
cyinoYtcaJ before expansion and eliptfcaJ after 

Rg. 2 is a cros**xjaJ sectional view of a tube boto 
before and after expansion, which tube has a wall 
that cornprises a series of axial tubules which are 
prismatic before expansion and elliptical after 
expansion; 

Fig. 3 is a cross-axial sectional view of a hi* both 
before and after expansion, which tube has a wan 
that is made of a series of axial tubules wtichare 
etapocaJ be* before and after expansion; 
Fig. 4 Is a cross-axial sectional view of a tube 
before expansion where the wafl of the tube com- 
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prises a series of axial tubules and the *i>e is 
folded into a substantially flat shape before it is 
unfolded and expanded; 

Fig. 5 is a bngroxSnaJ sectional view of a tube 
which coinprises a wal that is made of a series of s 
toroidal tubules; 

Fig, 6 is an enlarged dotal showing the cyfindrkal 
chape of three of the toroidal tubules that are ©Hor- 
ded in Fig. 5; 

Rg.7lsalorvjttudinaJsectkxT^ ™ 
Fig. 5 after axial compression of the tube; 
Fig. 8 is an enlarged dotal showing the eflptical 
shape ot three of the toroidal tubules that are endr- 
dedin Fig. 7; 

Fig. 9 is a cross-axial sectional view of a radiaNy " 
exp anda ble tube c o mp ri s ing six axial or helical 
tubules both before and after expansion of Ihetube; 
Fig. 10 is a crossraxtal sectional view of an unex- 
panded tube of which tie wal cornprisesa series of 
folded tubules wNchunWd into a cyfindricai shape 20 
dicing the process of expanding the tube; 
Rg. 11 is a oossraxial sectional view of another 
unexpended tube configuration where the wall com- 
prises a series of folded tubes which unfold into a 
cylindrical shape during the process of expending * 
the tube; and 

Fig. 12 is a cfossHDriai sectional view of an unex- 
panded tube which folds open during the expansion 
process and which ccrnprises a tubule which acts 
as a plastic hinge andwNch is flattened as a result so 
of the expansion process. 



of the invention 



[0019) MerringnowtoRg.1trieralsshownatubel * 
in a cylndrical wefeore or other cavity 2. which tube 1 
has a wal that is made up of a series of axial tubules 3 
which are substantially cylindrical before expansion of 
the tube 1 and eHptfcaJ after expansion of the tube 1 to 
an enlarged dtameter, as iHusSated by reference <o 
numeral 3a 

[0020] The tube 1 can be expanded by an expansion 
mandrel (not shown) or by increasing the hydraulic 
pressure in t» interior 4 of the tube 1. As aresultofthe 
exparam process tie tubules 3 are subject to a bend- 49 
^process so that relatively low forces are required. 
[00211 the tubules 3 to made of steel warw 
metal then ft is preferred tnt the tubules 3 to siritered. 
welded or brazed together atong the length of the areas 
5 where the tubules 3 touch each other. so 
[0022] If the tubules 3 have an krpermeable wal and 
the tube 1 is used temporarily in the cavity 2. tor exam- 
ple to provide a temporary seal, then *e tube 1 can be 
radially contracted again by pumping a high pressure 
fluid into the interiors 6 of the tubules 3. which wi ss 
induce the flattened tubules 3B to resume their tubular 
shape, so that the tube 1 racial shrinte and can be eas- 
ily removed from mecavtty 2. 



[00233 rf the tube 1 is to be used permanently in the 
cavity 2. for example if thetube 1 is to be used as a well 
casing, then at least some of the tubulee3maybefaed 
with IquJd cornponents of a cement durry or other cur- 
ing agent such as a silicone gel and the outer wall of 
fuse tubules may contain openings 7. or weak spots 
which are opened as a result of the expansion process, 
via which said BquW components are squeezed into the 
surrounding annular space 8 surnxMideig the expanded 
tube 1 and the Squid oornponents mix up and cure to a 
hardened cement silcone or other cured sealing com- 
position. 

[0024] Fig. 2 iustrates an alternative embodiment of 
the deformable tube according to ihe invention. This 
tube 9 is also radially deformable and comprises a 
series of tubules 1 0 which are prismatic before expan- 
sion and efflp6ceJ after expansion, as iuetfated by refer- 
•nee numeral 10B. 

[0025] The tubules 10 are arranged substantially par- 
aM to the longrtuoTnal axis 1 1 at tie centre of *e tube 
9. The tubules 10 are made of steel or another metal 
and are cwiiectBd to eaoh other 
brazed or sintered bonds 1 1 . 
10026] Fig. 3 shows yet another embodment of the 
deformable tube according to the invention, in which the 
tube 12is radially deformable and cornprises a series of 
tubules 13 which are elliptical before and which have an 
eliptJcal. almost flattened shape after radial expansion 
of the tube 12. 

[0027] In this errtooolment the tubules 1 3 deform from 
a first elliptical shape. Mustrated by reference numeral 
13A in which the largest width of the eMptfcal tubules 
13A has a racial orientation into a second ei&ptical 
shape, Illustrated by relereiK»numen*13Bfo which the 
largest width of the efljpfcel lubuleel3Ariasalangen- 



, , Referring now to Fig. 4 thro is shown a 

deformable tube 14 which clitorises a series of axial 
tubules 15, wherein two pairs of tubules at opposite 
does ot the tube 14 are totercormected by plastic 
hinges 16. These plastic hinges 16 alow the tube 14 to 
be stored and transported in a flattened shape ag. 
around a reeling drum (not shown). 
{0029] When fie tube 14 is then urwded from tie 
reefing oYum it can be brought into a <^ndrical shape 
by a gukJe funnel (not shown), i the tube 14 is to be 
used taside a wel or Inside another tobutar mecytndri- 
csd tuba 14 is then reeled into the weflbore or *e interior 
of the other tubular and expanded for exarr^e by pump- 
fog a high pressure fluid Into the interior 17 of the tube 
14. 

[0030] The inrtariry flattened tube configuration shown 
in Fig. 4 aDows an easy storage and transport of the 
tube 14, ag. on a smal diameter reeling drum, during 
the manufacturing stage and during transport from the 
nwraaasajring site to the site where the tube 14 is to be 
used. 

[0031] Figures 5, 6, 7 and 8 show yet another embod- 
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iment of the defornuHe tube according to the invention 
in which the tubules 18A. B have a toroidal shape in 
order to mate the tube 19 axialy deformable. 
(0032] The tube 19 shown in Fig. 5 can be a pnxijc- 
ton liner in a compacting oil or gas bearing formation, s 
where as shown in detail in Fig. 6 the toroidal tubules 
1 8A have a subctentialy cylindrical shape. In the config- 
uration shown in Rg. 7 the tube 19 has axialfy con- 
tracted to that lt« tongth is 1 8% shorter than its original 
length shown In Fig. 5. 10 
[0033] As a result of tie axial contraction of the tire 

19 the tubules 18B shown in Rg. 7 have been deformed 
into an eipticaJ shape, as is shown in more detail in Rg. 
8. 

[0034] Referring now to Rg. 9 tha-e is shown a lube is 

20 which is ea*ended within a we«>ore 21 or other cav- 
ity. 

[0035] The tube 20 has a wall that comprises six 
tubules 23. 24. 25, 26. 27 and 28 which extend in an 
axial or helical conf gunrion relative to the tongitudinai jo 
axis 29 of the tube 20. 

[0036] Adjacent tubules 23. 24. 25, 26, 27 and 28 are 
interconnected along toeir length by elongate welds 32. 
Plastic hinges 22 are tocaled in the walls of the bxxjles 
23-28 at both sides of each weJd 32. » 
[0037] The unexpandedtube 20 is shown at the cen- 
tre of the drawing. The six unexpended tubules 23-28 
each have the farm of a pie sector and oniy a minor gap 
80 is present between adjacent tubules 23-28. To 
expand the tube 20 a pressurized fluid is pumped into » 
the gaps 30 which will induce the tube 20 to expand until 
the watts of the tubules 23-28 are stretched and/or the 
outer walls of the tubules 23B-28B are pressed against 
thewettxxe21. 

[0038] The vokirw^icient tube cxx^xabon shown as 
In Fig. 9 is attract** V tie tube 20 is to be Inserted Wo 
the weahore 21 via a narrow excess, such as a small 
diameter production tubing. Furthermore the internal 
volume of the unexpended tubules 23-28 is relatively 
large whereas the internal volume of the expanded 40 
tubules 23B-28B is relatively small so that if the wafts at 
the outer rircumf ererx* of ff»t are perfo- 

rated a become during expansion omerwise fluid per- 
meable a relatively large volume of fluids is squeezed 
from the siteriorof the tubules 23-28 irito the surround- <5 
Ing annulus andtor formation. 
[0039] In this way a niatrver/torge volumes 
agent and/or treatment fluid can be nected intothe 
annulus surrounrjng the tube 20 andfor the formation 
31 surrouncfng the wesoore 21. so 
[0040] The externally permeable tube 20 is very suit- 
able to inject treatment fluids into an underground for- 
mation 31 which comprises along the length of the 
we«xxe 21 layers of varying permeability H the outer 
wafc of the tubules 23-28 have a significai^ lower fluW « 
permeability than the surrounding formation 27, then, 
as soon as tie outer wan of the tubules 22B-26B Is 
pressed against the weitxxe 21. a relatively constant 



flux of treatment fluid wOl be squeezed into the various 
surrourxfeig formation layers so trie! the risk of injection 
of teatment fluid mainly into the permeable formation 
layers and by-passing of less permeable layers is mini- 
mized. 

[0041] rf the tube 20 is used as a treatment fluid injec- 
tion tool then the outer walls of the tubules 23-28 may 
be made of a perrneable rubber and/or a fabric and the 
inner walls of the tubules 23-28 which face the interior 
30 of the tube 30 may be made of an irrpermeable rub- 
ber. After Section of tie treatniertflukte 
the interior 30 of the tube 20 may be reduced so that the 
tube 20 radially contracts and can be removed from the 
borehole 

[0042] Instead of alowing the tube 20 to cortraci after 

fluids have been injected into the formation the tLtoe 20 

may be allowed to harden in the expanded rjoertton 

against the weJbore 21 by hif ae tf ia tlng the fabric or 

other materiaJwim a stowty curiae 

corrxxsition. so that the eolioeied tube 20 the* term 

asaweRlner. 

[0043] The tube 20 and the tube corTguratiom shown 
inRos.1-4mayalsor^waJlsmataremaoeofasieve 
material in that case the tube may be expanded by an 
expansion cone or by a balloon that te Inflated in the 
interior of the tube 

[0044] Since tie sieve material that then forms the 
walls of tubules is maWy bent and not or hardly 
stretched the sieve opening size wilt remain fairly con- 
stant during toe expansion process. The expanded tube 
of sieve material then serves as a titer that prevents 
sand and other solid materials to enter the weflbore 21 
[0045] The radialy expandable tube 20 and the other 
radially expandable tube configurations shown in Rgs. 
M may also be made of tubules 23-28 wtich are made 
of a fluid hTpermeaWe material, such as steel which 
onJy deforms if the pressure in the Harior30of 9»tUbe 
exceeds a ore-set level. In that case the tube may be 
instated as a production tubing which serves as a 
downhde blow-out preventer which expands and seals 
of the annulus sunounding the production tobing it a 
blow-out occurs. The radially expandable tube configu- 
ration shown In Rg. 9 can also be used as a dm string. 
In that case driKng mud i6 pumped through the interior 
of the tubules 23A-28A during Oiling. At the end of a 
drtwxj cyde high pressure fUd ks injected into tie inte- 
rxx30rfmetL±w20sotiatthetube20iB expanded 
against the borehole wait 21 and forms a fining of tie 
weflbore an* the or* bit and ctownhcrfe motor assembly 
is puled to the surface by a wireline or colled tubing 
passtig through the interior 30 of the tube 20 and also 
serves as an expansion cone. 
[D046] Koriryminorexpeiiskxiofthetubeis required 
then the wall of tie tube may be provWed with only one 
or a fsw axial or riefical tubules. 
[0047] If the waH of the tube 20 or toe other reciaJty 
expandable configurations are made of a rubber or 
other elasticaJly deformabte material then the expanded 
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tube may serve as a high expansion packer a bridge 
Plug. 

[0048] It will be understood that if the tubules are ori- 
ented in an axial oVoctkxi a radafry deformobfo tube w* 
be obtained H the tubules art oriented in a ctrcumferen- s 
ttal dfrectton as shown In Figs. 5-8 then an axialry 
deformable tube will be obtained. 
[0049] If the tubules are oriented in a helical direction 
the lube will be deformable boto in axial and racial 
directions and the pitch angle of the heical configure- u> 
ton of the tubules wffl then influence the degree in 
which the tube is axially or radiaJry detonnaibta 
[0060] fig. I0srww8a c on li g u n ^ whereatube40 
comprises a wall that consists of a series of axial foida- 
bie tobulee 41. 15 
[0051] »the tubules 41 are made of steet then they 
are ttercomectsd side by aide along their length by 
axiaJ welds 42. Each tobufe 41 comprises at fie outer 
crcumference of the tube 40 a single plastic hinge 43 
end at the inner drcumference of toe tube 40 a set of 20 
tour ptastfc hinges 44. 45, 46 and 47. Each of these 
plastic ranges 43-47 is farmed by machining an axial 
groove in the inner and/or outer surface of the wall of the 
tubule 41. 

[Q0S2] The set of tour plastic hinges 44^47 defines a » 
wal segment where the tubules 41 can be folded 
inwardly to form a U- or delta-shaped recess 48 that 
faces the interior 49 of the tube 40. 
[0053] The tube 40 is expanded by pumping a pressu 
rued fluid into the interiors 50 of the tubules 41 which *> 
causes the tubules to untold by Nnging about the plastic 
htoges 43-47 so that the tubules 41 each obtain a cylin- 
drical shape (not shown). 

[0054] Asaresunofmeur*olcwigofthetubules41the 
tube 40 obtains a larger extenml arxJ rternal dameter. 35 
[0055] Rg. 11 shows another tube 51 which com- 
prises a waJ that consists of a series of axial toWable 
tubules 52. 

[0056] If the tubules 52 are made of steel then they 
are interconnected side by side along their length by <o 
axial welds 53. Each tubule 52 comprises both at the 
outer and tht imer drcumference of the tube 51 a set of 
four plastic hinges 54 that are formed by machining 
axial grooves in the inner andAor outer surface of the 
watt of each tubule 52. <* 
[0057] Each set of tour plastto hinges 54 defines a wal 
segment where the tubules 52 can be folded inwardly to 
form a U- or delta-shaped recess 55 that faces either 
the exterior 56 or the interior 57 of the tube 51. 
[0058] The tube 51 Is expanded by pumping a pressu- so 
rtzed fluid into the inferiors 58 of the tubules 51 which 
causes the tubules 52 to untold by hinging about the 
plastic ringes 54 so that the tubules each obtain a cylin- 
drical shape (net shown). 

[0059] As a result of the unfolding of the tubules the 55 
tube 51 obtains a larger external and internal otarneter. 
[0060] Rg. 12 shows a foidabie tube 60 which com- 
prises at its lower side a single plastic hinge that is 



fanned by an axial tubule 61 and at Hs upper side a set 
of four plastic hinges 62 that are formed by nrachining 
axial grooves in the outer or inner surface of the wall of 
toe tube 60. 

[0061] The four plastic hinges 62 define a delta- 
shaped recess 63 at the upper side of the tube 60. when 
toe tube is in its folded shape. 
(0062] Tnetube60isunfoWedbypun^rigapre66u- 
rized fluid tote the interior 64 of the tube 60. This causes 
toe tube to untold in the direction of the arrows into the 
cylindrical shape which fe illustrated by the broken ines 
60A The tubule 61 then acts as a plastic hinge and 
obtains as a result of the unfolding of the tube 60 the 
elfcbcaJ shape which te Hlustrated by broken Ines 61 A. 
(0063] The tubute 61 is made of a ptasfcafty defornv 
able material, such as a formabfe Np^ength tow- 
aloy or dual phase steel grade, which also provides 
flexfcflfty to toe tube 61 in drcunferentieJ oYection dur- 
ing the irfbWng procedural After toe unfololng proce- 
dure a curing agem rriay be purrped lr^ 
of the eJOpttosJ tubule 61 A to reinforce the atoule 61A. 
The interior 65 of the tubule 61 may orjrrsxise electrical 
and/or hydreuic conduits for transmission of electric 
ancVor bydrauic power and/or signals along the length 
of the tube. 

[0064] The errbocfiments of the deformable tube 
shown in toe drawings provide a tube which can be 
deformed easily and which can be reeled on a reelng 
drum. The tube can be unreeled from the drum and 
injected into an i^nderground borehole or other cavity in 
which the tube is to be used. The tube is subsequently 
deformed Inside the borehole or other cavity by chang- 
tog toe tubular shape of one or more tubules in the wall 
of the tube. The deformation may involve flattening, 
untofcfng or other cybernation of the tubule or tubules. 



1. A deformable tube having a wall which is at least 
partly formed by a number of tubules, whereto at 
least one tubule is at least partly deformed in 
response to deformation of the tube. 

2. The ctetof matte tube of daim 1. wherein the waf of 
toatubeisatleajrtpartryfom^byaseriMofax^ 
tubules which each extend in a direction tubetarv 
saily parallel to a tongftuclnal axis of the tube such 
toat upon a radial deformation of the tube the axial 
tubules are at least party deformed. 

3. Tne deformable tube of claim 1. wherein thewalof 
toe tube is at least partly formed by a series of toroi- 
dal tubules which extend in a substantialy circular 
direction around a longitudinal axis of the tube such 
that upon axial carnation of the tube the toroidal 
tubules are at least party deformed. 

4. The deformable tube of daim 1. wherein the wal of 
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the tube is at least party formed by one or more 
hefcal tubules which extend in a substantially hett- 
cat direction with respect to • tonc/tuolnai axis of 
the tube such that upon datamation of the tub« fcn a 
direction which is oriented at an angle relative to a 5 
tongfcxf neJ ejection of each of the hetical tubules, 
at least one of the helical tubiies is at toast party 
deformed. 

5. The deformable tube of daiml. wherein thewaHof « 
the tube is at least party formed by a number of 
substantially parallel tubules which are arranged 
side by side and are connected to each other. 

6. The deformable tube of daim 5, wherein the is 
tubules are made of metal and the sides of a pair of 
adjacent fcbutes substamialy touch each other and 
are sintered, welded. epot welded, braad. bonded. 

or otherwise secured to each other. 

7. The deformable tube of claim 5. wherein the 
tubules are made of a plastic or elastomeric mate- 
rial or a fabric and the sides of aojacent tubules 
substantially touch each other and are bonded to 
each other. 

8. The deformable tube of daim 1. wherein before 
deformation of the tube the tubules have asubstan- 
tiaty cylindrical shape and deform into a substan- 
tialy Optical or flattened shape in response to *> 
deformation of the tube- 

9. The deformabte tube of daim 1. wherein before 
deformation of the tube the tubules have a substan- 
tialy prismatic ehape and deform irto a subetan- * 
ttafy flattened shape In response to oatormatfonof 
the tube. 

ia The deformable tube of daim 1. wherein the 
tubules contain at the outer periphery of the fci>e *o 
openings or weak spots which open up as a result 
of the deformation process such that one or more 
fluids are squeezed from the Interior of the tubules 
into tie space surrounding the tube. 

45 

11. ThedeforrnabtotubeofdaimlO^ 

thai we squeezed from the interior of the tubiies 
contain one or more chemicals, such as compo- 
nents of a Squid cement slurry, components of a 
curing agent or a chemteaJ freatment f UdL so 
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